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E??T3CTOF NC)SESHAPE

ON TEE CH@ACTERISTICS Ol?SYMMETRICALAIRFOILS

By Ro%ert M. Pinkerton

Summary

Tests of nine symmetricalairfoils,having different
leading-edgeradii, were made in the varia%le densitymind
tunnel. Three symmetricalN.A.C.A.‘airfoilshaving maxi-
mum thickness-to-chordratios of 0.06, 0.12, and 0.18 were
used as basic (or normal) sections; and.for each of these
thicknessesone thinnerand one blunter nose sectionwere
developed..The thin-nosedsectionsgave lower minimum
drags and lower maximum lifts than the normal sections.
The blunt-nosedsectionsgave higher minimum drags and
higher maximum lifts than the normal sectionsexcept for
the thickestsecticnwhich showeda lower maximum lift.
The rate of increaseof drag with lift is greater for the
thi.n-aosedsactions. I!’inaliy,although the slope of tune
lif$ curve varies with thickness,these tests show that “
for any given thicknessthe slope is independentof nose
radius.

Introduction

,’
A comprehensiveinvestigationof the relationbetween

the geometricand aerodynamiccharacteristicsof airfoils
at a high value of the ReynoldsNumber is in progress in
the varia%le density wind tm~.nelof the NationalAdvisory
Committeefor Aeronautics. (Reference1.) The principal
variablesare those o,f’thicknessand camber,%ut it was
thoughtadvisable to includealso a study of the effect of
changes in nose radius.

This report presents the results of te,stsof nine.sym-
metricalairfoilshaving differentleading-edgeradii.
Three of the.symmetricalN.A.C.A. airfoils,designated
N.A.C.A. 0006, N.A..C.A.0012, and N.A.C,A. 0018, having
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maximum thickness-tti-chord ratios of 0.06, 0.12, and 0.18,
rospecti’;ely, were o?iosenaG the basic (or normal sf3c-
tions) , and for each of these onc thinaorand one %luntor
nose sectionwere developedand tested. Ths derivation
of each modified sectionwas accomplishedby a systematic
change in the equationthat defines the normal section.
This change is principallya change in ncso radius,but it
also results in modificationsto the profile throu~~.out
its length, exceptat the maximum ordinateand at the
trailinCedge.

-.7

-.

—

Descriptionof Airfoils

The method ‘d derivingthe normal sectionsis dis-
—.

cu~~ed in reference1. In brief, they are defined by an
equationof the fern

-..“ .-.

from which it is found that the nose radius is given hy
2 4

a.
r=—— (2)

2
.—.

The conditionsused to evaluatethe above constants are as
follows:

—.—

Maximum ordinate: x = 0.3 Y ==0.1

Trailing-edgethickness:
.—

X=1 y= 0.002

Trailing-edgeangle: x = 1 dJ=
dx -0,234

Nose shape: x = 0.1 Y = 0.078 -.

Yrcn tlioresulting equa”tion
,. —

— —--..

Y = 0.2969”Jii - 0.1260x- 0“.3516x2+ 0,2843x3- 0.1015x4,

the ordinateshave been calculatedand are given in Table a

1.
●

.
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The thin-nosedsectionsare derived in a similarman-
nerAnd are denotedby.the suffi”x.T..The constantsare
determinedfor the same coqdi$icna”“as.aboveexcept for the
nose-shapeconditioa,which.i’s. , ...

rT = 1/4 ,r
,,

where rT is tble’no’seradius of’the thin-nosedsection.
By means of eqiat,io~.(~)

aoT = l/2 a. = 0.1484

where ao~ ‘is the value of a. for the thin-nosedsec-,,
tion,”~nd finally

= 0.1484 & i-0.3493x - 1.2890x2+ 1.2520x3- 0.4588x
4

YT

Ordinatescalculatedfrom this equationare given in Table
I.

The blu~t-nose.dsections,similarlyderived,are de-
noted by the suff~x 2. l’orthis,group

3?3=3r ,,,

hence ,.. ,,
.. .

a.~ = Jz”ao = 0:5144.,

and

yB = 0.5144 & - 0.8180z+ 1.0140x2-1.132-8x3+ 0.4245x4

Table I contains ordinatescalcpla’tedfrom this equation.

The ordinatesfor.the s’e-c?ionsused in this investi-
gation were”obtainedby multiplyingthe ordinatesgiven in
Table I by the factor t where t is the desiredval-

C% ‘
ue of the maximum thickness-to-cho~dratio. ITnenthe
thick profiles of t~lcblunt-nosedseries were plotte&, the
nose appeared so extremelyblunt that it seemed desirable
to r.e,duqe,the nose radii of the 001.2Band O018B. This re-
ducti~~was adc-or,t~lishedgray]licallyand the resultsare.
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3ecanse each of t~ese codifiedsectionswas d~fined
.

‘J”an equation to yroduce fa~rnes~,sor,ledi:fereacos,of<
course,have appearedt~roughoutthe profils as a result
of the ckange in nose radius. T~le~~diffege~ces(fig.1)
are snail,;low~ver,as comparedto the dif~er.encesat the
:-~p~; Yence the nose radius is consideredas the inde-

=

~e;.de~tvariable. .—<.—

N;e n~dels were made of’duraluminand have a chord of
.=.-
.

5 inchesand a span of 30 iilCheS. The method ~f construe- ‘“-
ticn is describedin rofere~ce1. –~

Tests a:ldResults -.

Zoutine measureae::tsof lift, moaeat,and drag ~erc
made In the var~able d.cnsitywind tuanelat a tank pressuro

<.
of about 20.atnozpheres.

‘—
We Revr.oldsKrmber of the tests. ....... .

is a%out 3,(?O0,0C0.A detailed~escriptionof the tunnel
and the test procedureis given In reference1.

—
v

!%e results of these tGsts are presentedin the form
-.

of c~efficier.tscor~ected,
:-*

& after the method of reference2,
UO givo ini’init-uaspect ratio characteristics.Values of
thelift coefficient

.—
CL, angle of attack for infin5te —..—.-—

aspect ratio a., profile drag coefficient CDO,
.-

and --

moment coefficient
cmc/4

are given in Tables 111-to XI.
-.

Figures2 to 4 presentthe usual lift-curveplots and Fig-
ure 5 shows the variation of maximum lift coefficientand
minimurhprofile drag “coefficient,with nose radius.

—
Plots

—

Of reorientcoefficie~ltagainst lift coeffici~ntare given
in Figure G. Profile drag curve plots ere given in Pic-
ur~s ‘7to 9.

Discussion

Changesin the lift characteristicsaccompanying ● -
changes in the ~ose radius maybe observedin Figures2 to

.
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5. Although the slope o< the lift curve varies mit2 thick-
ness, Figures 2 to 4 shov t:~atfor any given thicknesst-~e
slope is indbpendeatof nose ratiius.‘ The dottedportioas
of &ome of tke curves indicatean unstable conditionwhich
in some instaacesanGunts to a“sharp discontinuityin t-he
lift forces as.shnwn by a sudaen drop.o: the lift ‘Dalance
beam. ~yeesetests s~-owthat the ‘disbontil:uit!es,di~appear
in the thin-~osedsectibns.“As sho~n by .J?f@ire5,,the
EM,xiuuniift decreases’,inever:-instancewhe~ t~herose r@’-
dius of the normal secti.Gnis decreasedand increases,fcr
the 0006 and G012, “when’t-hencIsoradi,usof the norrLalsec-
tion is increased. Increasingt,henoso radius of tke aor-
?nal0018 resultedin a decreasedna”xinnzmlift.

The variatioh of,pitch”ingtiome~twith lift is ‘Sliowa
in ~igl~re 6. Inc~easinGth’”enose radius leads to an in-
crease of t~e slope of the curve of Cm against CL;

c/G
t2~atis, the Fosition of the center of ~;’esscreis farther
‘forwardfor the bl~ter section. The pcsition of the cent-
er of pressure at C!L= 0.4 ,for tl~eQ0183, mhic~lsh~~s

the greatestslo~e, is 22+ per “c’eatof the chord 3ehin3-
t?ieleading edge. In passing, it ~zst be aote? that the
0006T and 00063 mcment data are obviouslyin error since
a symmetricalsectioncan have no “momentat zero lift. No
explanationcould be found for this apparent shift of the
pitchingnor.~ent,althouGh the nodels woro cheekedfor sym-
metry. However, this shift,is small and would not be ex-
“pecte’dto affect the other measurements.

flheeffect of nose shape on the variationof profile
dragwith lift,is shown in l’igures7 ,to9. Increasingor
decreasingthe nose radius for the thick sections(0012
aiid,0018)has very little effect on this variation (figs.
8 and 9), while for the thin sections (fig. 7) increasing
or decreasingt:.enose radius leads,to a marked increase
or decrease,respectively,of therange of lift There tke
.prqfiledrag is approximatelyconstaat... It nay he ob-
servod t-hatthe 0006T a~d 00G6 ‘~aveabout tli~ sane CL max$,
but the rate of increaseOf drag With lift 3,sgreater for
the thin-~osedsection. This observationis in accordance
with the results of reference3, r“nichs-howthat the drag
of the sharp-nosedairfoil (C-52) is less tlian t-hedrag of
tke same airfoil with rounded nose (N-46) :Gr only a small
range of angle of attac’k.J% shownby Tigure 5, the mini-
mum drag decreasesWith decreasednose radius, the thicker
section-sshowing the greatsr ef:ect.
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Conclusions .——.-

1. The thin-nosedsectionsgave ,lowerminimum drags,
~~-atalso lower ma~inum lifts, than.t?cenormal sections.

2. The blunt-nosedsectionsgave higher uinfmum drags,
b~.ztalso hj.ghermaxrimum~ifts,,than the no,rnalsectionsex-
c~pt fGr the thickestsection(O01,8B)whi,ch showed a lower —
;-mximum lift.

3. The rate of increaseof dra~ with lift is greater
for the thin-nosedsections. —

4. Although the slope of ‘thelift curve varies with ....... ..
thickness,these tests show that for any given thickness
the slope is .independeatof nGse radius. —

LanGleyMenorialA~roila.uticalLaboratory,
NationalAdvisory Committeefor Aeronautics,

LangleyField, Vs., July 31, 1931.
-.
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Station
in

per cent chord

o
1.25
2.5
5.0
‘7.5
10
15
20
30
40
50
60
70
so
go
95
100

-—— —-—_—.

TABLE I

Basic Ordinates

——-——— ——

Ordinatesin ~er cent chord
———. —

T series
.——

fo
2.08
3$14
4.’76
6.01
7.02
8.49
9.40
10.Go
9.58
8.52
‘7.15
5.65
4.05
2.28
l.~o
.20

—-——————.

Normal

*O
3.16
4.35
5.92
7.00
7.80
8.91
9.56
10.00
9.5’7
8.82
7.61
6.11
4.37
2.41
1.34
.21

.-— ——

———

B-series.—— ——

fo
4.74
6.15
7’.65
8.47
8.97
9.57
9.86
10.00
9.88
9.31
8.30
6.79
4.85
2.58
1.38
.20

————

TABLE II

Nose Radii in Per Cent Chord

.— —— ———

Section
}

T-series Normal 1 B-series——— -—_ ———
t

——— —-———

0006 .10 .39

* L

1.19

0C12 ‘ .40 1.58 3.80

0018 .89 3.55 7.15
—— ——--
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T!ABLIZIII

Airfoil: N.A.C.A. 000S’2

Average F.eynoldsNumber: 3,180,000.
Size of model: 5 X 30 inches.
Pressure, standardatmospheres: 20.8.
Test Ho,: 5540 VariableDensity Tunnel.
3ate: April 8, 1931.

-C.841
-.792
-.577
-.298
.005
.151
● :011
587
:793
.845
.854
.839
.!330
.923
.81’3

—.-.__

-11.3
- 9.5
- 6.2
- 3,~
!)
1.5
3.G
3.1
9.5
11.3
13.3
15.3
1’7.4
21.4
27.4

-—

.——.

Cj)
0

0.1665
.2211
.0407
.0099
.0069
.007s
.0i25
.05CG
1355
Ii815
.2229
.2587
.2923
3642
:4770

——

cme//4

0.071
.040

-.002
.002 ‘
.055
.007
.008
.009

-.041
-.075
-.100
-.116
-.126
-.135
-.l.A~
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TAI!L2IV

Airfoil: IT.A.C.A. 0006

Average R“eynoldsI:umtier:3,120,000.
Size of model: 5 X 30 inches.
Pressure, standardatmospheres: 20.3.
Test ITo.: 555. VariableDensity Tunnel.
Il&te: A>ril 8, 1931.

—

CL

-0.84?
-.786
-.613
-● 311
.004
.15’7
.325
.620
.’794
.z4e
.867
.857
.835
.823
.519

————

———--- -—————

~o II~Do c
(degrees)

%/4
—— —— — -

-11.3 0.1582
- 9.5 .1324
- 6.0 .0129
- 3*O .0078
0 .00’70
1.5 .0Q77
Z.o .0C84
3.0 .0135
9.5 .1195
11.3 .L645
13.2 .2125
15.3 .~52~
17.3 .287’7
21.4 .3588
2’7.4 .4695

——— —

0.055
.020

-.005
-,003
.000
.002
.003
.0G4

-.025
-.059
-.09G
-.110
-.125
-.135
-.145

.

.

.
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- TABLE V

AirfoilI N.A.C.A. 00063

AveraGe ReynoldsNum3er: 3,09~,ooo.
Size of model: 5 X 30 inches.
Pressure, standardatr.ospheres:20.8.
Test NG.: 556. Variabie3ensity Tunnel.
I)ate: April 8, 1931.

—..—

CL

.— ————

-0.926
-.621
-.306
-.oo~
.157
.312
.625
.934

1.060
1.949
.985
.870
.823

CDO
(de~~ees)

-9.1
-6.0
-3.0
0
1.5
3.0
6.@
9.0
10.6
12.7
16.9
21.2
27.4

0.0139
.0099
.Ocel
.0076
.0080
.0065
.()~ol
.0143
.0360
•3-2~1
.2661
3506
:4603

.-— —

c
‘c/ 4

0.002
-.002
.000
.006
.005
.008
.010
.0G9
.003

-.038
-.100
-.125
-.139

10

.
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TABLE VI

Airfoil: N.A.C.A.C012T

Average ReynoldsNumber: 3,120,000.
Size of model: 5 X 30 inches.
Pressure,standardatmospheres: 20.5.
Test ITo.: 548. VariableDensity Tunnel.
Date: April 3, 1931.

—.— -——

CL

-0.893
-.599
-.298
.007
.159
.304
.6C)9
901

1:023
1.030
.884
.784
.743

———-— ___

———— —

~

——.

~o c~o

(degrees)—-——

-9.2 0.0149
-6.1 .0112
-3.1 .0091
0 .0082
1,.5 .0065
3.0 .0092
S.1 .0114
9.1 .0155
10.7 .0234
12.7 .0812
17.2 .2566
21.5 .3522
2’7.6 .462?

———

c
‘c/4

0.002
-.001
-.001
.002
.002
.003
.003
.000
.000

-.020
-.086
-.113
-.123

11

*
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~A3L3 VII

Airfoil: N.A.c.A. 0C12

Average ReynoldsWinier: 3,230,0CG.
Size of model: ~ X 39 inc’~es.
pressure, standardatmospheres: 20.4.
T6St ~~0.: 562. Varia31eDensit:rTunnel.
Date: April 13, 1931.

.

.

—-—— ——

CL

-——————

-1.la”7
-.904
-.604
.-.299

.003

.155

.310

.~l~

.~lp
1.195
1.325
1.413
1.160
.990
.864

—————_

———————. ————
i-

ao
(degrees).——-—. —

-12.2
-9.1
-5.1
-3.0
0
L.5
3*G
3.1
9.1
12.2
13.8
15.2
16.9
20.9
2?.3

u-g
0 i ‘n

I
c/4

0.0194
.0137
.o~~8
.iloso
.0Q89
.0090
.@096
.0111
.0141
.(3~07
.0252
.0337
.1562
.~8~~
.4295

I
I -0.002

-.003
-.0G5
-,(3C12
-.001
.001
.CJC2
.00E
.011
.008
.003

I .cic3
-.CJ54
-.1396

I
-.128

12

I
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Airfoil: N.A.C.A. 00122

Average ReynoldsNumber: 3,080,000.
Size of model: 5 X 30 inches.
Pressure,standardatmosph~res: 2G.3.
Test Nc.: 550. VariableDensity Tunnel.
gate: April 4, 1931.

-0.922
-.613
-.308
-.006
.151
.301
.605
.904

1.198
1.4Gz
1.502
1.165
1.018
.902

-9.1 0.0134
-6.0 .0110
-3.0 .0099
0 .0095
1.5. .0097
3*O .0100
5.1 .0113
3.1 .0137
12.2 .0185
15.3 .0282
16.0
17.7 .1598
20.8 .2468
27.1 .4764

-0.009
-.006
-.005
.001
.000
.006
.010
.008
.007
.006

-.043
-.080
-.114

13



.

. N.A.C.A. TechnicalNote No. 386

I!A3LEIx

Airfoil: ~~CA.COA.()()18T

Average ReynoldsWuaber: 3,~50,(300.
Size of madel: 5 X 30 inches.
Pressure,standardatmospheres: 20.6.
Test ~~o.: 552● Variable Density Tunael.
Ilate: April 7, 1931.

.—

CL

-1.164
-.895
-.605
-.307
-.006
.147
.298
.597
.885

1.159
1.281
1.289
1.192
.951

-—.—_—_

~o
(degrees)—- —.

-12.3
-9.2
-6.1
-3.0
0
1.5
3.1
6.1
9.2
12.?
13.9
15.9
20.2
27.0

c~o

0.0240
.0164
.0129
.0108
.0102
.0106
,ol~z
.0130
.0150
.0226
.0283
.0691
.1891
.4067

——— .

——

c
~c/4

-0.002
-.003 .
-.003
-.002
.001
.001
.002
.035
.005
.003
.001

-.018
-.061
-.117

14

r
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TAELE X

Airfoil: N..%.C,A. 0018

Arerage RsynoldsNum%er: 3,140,000.
Size of ~odel: ~ X 30 inc’aes.
Press-are,standard.atmospheres: 20.a.
2est Ho.: 553. Variat!leDensity Tunael.
Date: April 7, 19z1,

15

m
‘J~

—-.— —.

-0.896
-.303
-.305
-.006
,1~~
.2s4
.599
.391

1.159
1.404
1.429
-1+.309
l.~~~
1.023

————— -—_

Jo IcDic

-4- 0 ~c/4
(degrees)——— .— ———- —.

-9.2 [ 0.0155
-6.1 .OIEO
-3.0 .Ollz
o .~~lo
1.5 .0109
3.i .f)l15
6.1 i 9120
9.2 :0156
12.3 .o~05
15.5 .0722
l.~,~
17.8

I
.3107

20.0 .1735
24.’7 .3022

——— ..— i-—————

.-— _

-0.911
-.211
-.066
-.002
..goz
!005
:009
.C)a7
.o~CJ
.912

-.oli$
-.056
-.082

.

.

t-
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TA3ii2!.X1

Airfoil: N.A.C.A. 00183

Average PbeyaoldsI?umher: 3,180,00C.
Size of model: 5 X 30 inc-aes.
Pressure,standardatmospheres: 20.3.
flestl?o.: 551. Yaria’c,leiIensit:*Euzmel.
Date: April 6, 1S31.

—.———..—.—
CL

,

-0.985
-.594
-.299
-.003
.147
.293
.589
.37’7

1.146
1.3?4
1,Qz
1.136
1..056
.920

-—~--l-n;-~ cnc,4

---4 0
(degrees) I

—— .—— ———
t

-9.2
-6.1
-3.0
0
1.5
3.1
6.1
9.2
12.$
15.s
15.3
17.6
20.6
27.4

0.0174
.01.45
.0126
.(3122
.0123
.0129
.5143
.0158
.022?
.0357
.0401
.1459
.2211
.Z711

———

.

.
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I?ig.1,Profilesof H.A.C.A.symmetricalairfoilswithdifferentnoseshapes.
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